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BACKGROUND OF THE INVENTION 

5 

This application claims the priority of Korean Patent Application No. 2002- 
75395, filed on November 29, 2002 in the Korean Intellectual Property Office. The 
disclosure herein is incorporated in the above reference entirely. 

10 1. Field of the Invention 

The present invention relates to syntheses of cathode materials for lithium 
batteries, particularly, a method of preparing lithium-chromium-manganese oxides 
having a-LiFe0 2 structure. 
2. Description of the Related Art 

15 There have been reports on layered lithium-chromium-manganese oxides 

(Li y Cr x Mn 2 -x0 4+2 ) as disclosed in U.S. Patent, No. 5,858,324. Conventionally, layered 
lithium-chromium-manganese oxides were calcined under argon (Ar) or nitrogen gas 
(N 2 ) atmosphere that will raise the manufacturing cost. In addition, the material 
prepared by the conventional method exhibited 120 to 190 mAh/g capacity with 

20 relatively poor cycling retention. Recently, J. R. Dahn et al. reported novel lithium- 
chromium-manganese oxides, [Li[Cr x Li (1 / 3 . x /3 ) Mn ( 2/3-2x/3)P2 (0.0<X<1.0) with a-LiFe0 2 
structure, give a stable capacity of about 200 mAh/g in the Journal of the 
Electrochemical Society, 149(11), A1454-A1459, 2002. 

In order to synthesize the above-described oxide, Dahn et al. dissolved lithium 

25 salts, manganese salts, and chromium salts in distilled water and dropped ammonia 
solution (NH 4 OH) until the pH of the solution becomes 10 and the precipitation 
completes. After that, the precipitation was put in a muffle oven and dried in air at 
130°C overnight. The dried precipitate was heated in air at 480°C for 12 hours. Then 
the resultant powder was pressed into pellets and calcined under argon (Ar) 

30 atmosphere at 900°C for 3 hours. 

According to the above method, a stabilized layered lithium-chromium- 
manganese oxide could be obtained. However, it requires tedious pH adjusting 

1 



process, overnight oven treatment, argon (Ar) atmosphere that raises manufacturing 
cost. 

SUMMARY OF THE INVENTION 

5 This invention features preparing lithium-chromium-manganeseoxides having 

excellent discharge capacity and cyclability at low cost. This invention also features 
simple and cheap manufacturing processes for lithium-chromium-manganese 
oxides useful as cathode materials for lithium batteries. 

According to an aspect of the present invention, a method of preparing lithium- 

10 chromium-manganese oxides for lithium batteries is provided. Homogeneous 
precipitation solution is obtained by adding lithium hydroxide (LiOH) solution to the 
mixed solution of chromium acetate (Cr 3 (OH)2(CH 3 C02)7) and manganese acetate 
((CH 3 C0 2 )2Mn-4H 2 0) with stirring. Precursor powders having the formula Li[Cr x Li (1/3 . 
x/3)Mn ( 2/ 3 . 2x /3)]02 where (0.1<X<0.5) are obtained by firing the homogeneous 

15 precipitation, while layered oxides obtained by annealing the precursor powders at 
high temperature. 

In order to obtain precursor powder, the homogeneous precipitation solution 
is heated until it become a viscous inorganic polymer. Then, the viscous inorganic 
polymer is coated on a titanium foil and heated on a hot plate until it became a porous 
20 powder. 

In order to obtain layered oxide powders, the precursor powders are subjected 
to two consecutive heat treatments. The first one is performed in the temperature 
range of 650 to 700° C. Then the resultant powders are ground and subjected to the 
second heat treatment in the range of 900 to 1000° C in air. After the second 
25 annealing process, the oxide powders are quenched to room temperature. 

According to this invention, layered lithium-chromium-manganese oxides can 
be mass-produced at low cost. In addition, as prepared lithium-chromium- 
manganese oxides exhibit excellent discharge capacity and cyclability when they are 
used as cathode materials for lithium batteries. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
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The above aspects and advantages of the present invention will 
become more apparent by describing in detail a preferred embodiment thereof 
with reference to the attached drawings in which: 

FIG. 1 is a flowchart explaining the preparing processes of lithium-chromium- 
5 manganese oxides ascribed in the present invention; 

FIG. 2 is a power X-ray diffraction (XRD) pattern of lithium-chromium- 
manganese oxide prepared according to the present invention; 

FIG. 3 is a scanning electron microscopy (SEM) image of lithium-chromium- 
manganese oxide prepared according to the present invention; 
10 FIG. 4 is a series of typical charge-discharge curves for lithium-chromium- 

manganese oxides prepared according to the present invention; and 

FIG. 5 is a cycling behavior of lithium-chromium-manganese oxide prepared 
according to the present invention. 



15 DETAILED DESCRIPTION OF THE INVENTION 

The present invention will now be described in detail using the accompanying 
drawings, in which a preferred embodiment of the invention is shown. 

FIG. 1 is a flowchart explaining the preparing processes of lithium-chromium- 
manganese oxides ascribed in the present invention. 

20 As shown in FIG. 1 , mixed solution of chrome acetate (Cr 3 (OH) 2 (CH 3 C02)7) and 

manganese acetate ((CH 3 C0 2 ) 2 Mn # 4H 2 0) is prepared by dissolving stoichiometric 
amounts of chromium acetate hydroxide (Cr 3 (OH)2(CH 3 C02)7) and manganese 
acetate tetrahydrate ((CH 3 C0 2 ) 2 Mn*4H 2 0) in distilled water (step 10). 

To obtain homogeneous precipitation, stoichiometric amount of lithium 

25 hydroxide (LiOH) solution is added to the above mixed transition metal solution with 
stirring (step 20). The relative amounts of chromium acetate hydroxide 
(Cr 3 (OH) 2 (CH 3 C0 2 ) 7 ), manganese acetate tetrahydrate ((CH 3 C0 2 ) 2 Mn*4H 2 0), and 
Lithium hydroxide (LiOH) are selected to yield a compound having the formula 
Li[Cr x Li( 1 / 3 . x / 3 )Mn {2 / 3 . 2x y 3) ]0 2j disclosed by J. R. Dahn et al. in the Journal of the 

30 Electrochemical Society 149(11), A1454-A1459, 2002, where 0.1<x<0.5, and 
preferably 0.1<x<0.2. In case of x<0.1, layered structure with orthorhombic phase 
tends to occur and the discharge proceeds with two step voltage profiles, whereas 
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when x>0.5, the discharge capacity of the compound decreases with the increase of 
x 

The precipitation solution in step 20 is fired to produce porous precursor 
powders (step 30). In detail, the precipitation solution is heated on a hot plate until it 
5 become a viscous inorganic polymer. Then, the viscous inorganic polymer is coated 
on a titanium foil and heated on a hot plate until it became porous powders. The 
porosity is attributed to the decomposition of acetate (-COOH) group embodied in the 
viscous inorganic polymer. 

The precursor oxide powders obtained in step 30 are subjected to first heat 
10 treatment at temperature, which is selected from 650 to 700 °C, for about 3 hours 
(step 40). Through the pre-firing process, organic compositions are completely 
removed from the precursor powders and the oxides begin to yield layered structures. 

The pre-fired oxide powders are ground to fine powders (step 50). Then, the 
resultant powders are annealed at T 2 temperature, which is selected from 900 to 
15 1000 °C (step 60). After annealing more than 12 hours in air, the powders are 
quenched (step 70). Through the annealing treatment at high temperature, the oxide 
powders exhibit a perfect layer with a-LiFe0 2 structure. 

Herein, a synthesis example of layered lithium-chromium-manganese oxides 
is described according to the present invention. 

20 

[Synthesis] 

Stoichiometric amount of chromium acetate hydroxide (Cr 3 (0H) 2 (CH 3 C0 2 ) 7 ), 
manganese acetate tetrahydrate ((CH 3 C0 2 ) 2 Mn-4H 2 0), and lithium hydroxide (LiOH) 
are dissolved in distilled water, respectively. The relative amount of the above 
25 reagents is as follows. 

(1) For Li 127 Cr 0 2oMn 0 .530 2 , 10.84g LiOH, 26.39g (CH 3 C0 2 ) 2 Mn-4HA and 8.67g 
Cr 3 (OH) 2 (CH 3 C0 2 ) 7 is used. 

(2) For Li 128 Cro.i5Mno.570 2l 10.96g LiOH, 28.22g (CH 3 C0 2 ) 2 Mn-4HA and 6.45g 
Cr 3 (OH) 2 (CH 3 C0 2 ) 7 is used. 

30 (3) For Li 1 . 30 Cro.ioMn a6 o0 2 , 1 1.1 3g LiOH, 29.71 g (CH 3 CO 2 ) 2 Mn-4H^0, and 4.33g 

Cr 3 (OH) 2 (CH 3 C0 2 ) 7 is used. 

Sufficient amount of distilled water is used to dissolve the reagents. In the 
above case, around 70 ml of distilled water is used to dissolve lithium hydroxide 



(LiOH), while around 60 ml of distilled water is used to dissolve chromium acetate 
hydroxide and manganese acetate tetrahydrate. Then, lithium hydroxide (LiOH) 
solution is added to the mixed solution of chromium acetate and the manganese 
acetate with stirring. This results in a homogeneous precipitation solution. 
5 The homogeneous precipitation solution is heated until it become viscous 

inorganic polymer. The resultant inorganic polymer is coated on a titanium foil and 
heated on a hot plate until it became porous powders. The porosity of the powders is 
attributed to the decomposition reaction of acetate (-COOH) group embodied in the 
viscous inorganic polymer. Then, the precursor powders are fired at 700° C for 3 

10 hours. After ground, the resultant powders are calcined at 900° C at least for 12 hours 
in air and then quenched to room temperature. 

FIG. 2 is a power X-ray diffraction (XRD) pattern of Lh27Cro.20Mno.53O2 prepared 
according to the above example. As shown in FIG. 2, the XRD pattern is 
corresponding to that of Li[Cr x Li {1/3 . x/ 3 ) Mn (2/ 3. 2x /3 ) I02 where x=1/3, which is prepared by 

15 a conventional method. 

FIG. 3 is a scanning electron microscopy (SEM) image of Lit27Cro.20Mno.53O2 
prepared according to the above example. As shown in FIG. 3, particles of the oxide 
exhibit equiaxed hexagonal shapes with well-developed crystal faces. 

FIG. 4 is a series of typical charge-discharge curves for lithium-chromium- 

20 manganese oxides prepared according to the above example. Here, cathodes are 
prepared by mixing oxide powders, conductor, and binder in a ratio of 85:7.5:7.5 by 
weight, while anodes are prepared by cutting lithium foil. Before fabricating lithium 
cells, cathodes are pressed into an appropriate thickness in a roll press. Electrolyte 
is 1M LiPF 6 dissolved in 1:1 ethylene carbonate (EC) and dimethyl carbonate (DMC). 

25 FIG. 5 shows cycling behavior of the cell fabricated using Lit27Cro.20Mno.53O2 

powders prepared according to the above example. The cell is cycled with the current 
density of 12 mA/g between 2.0 to 4.9 V. The cell exhibits a capacity of 258 mAh/g in 
the initial discharge and sustains around 260 mAh/g capacity even after 20 cycles. It 
is clear that both the capacity and cycling behavior of Lh27Cro.20Mno.53O2 prepared 

30 according to the above example are better than that of the lithium-chromium- 
manganese oxides prepared using conventional method. 

According to the present invention, layered lithium-chromium-manganese 
oxides useful as cathode materials for lithium batteries are prepared by quenching. 



In detail, lithium hydroxide (LiOH) solution is added to the mixed solution of chromium 
acetate (Cr 3 (OH)2(CH 3 C02)7) and manganese acetate ((CH 3 C02)2Mn-4H 2 0) with 
stirring until it becomes a homogeneous precipitation. The precipitation solution is 
heated to give porous precursor powders. Then the porous powders are annealed at 
5 high temperature in air and then quenched to room temperature to yield layered 
materials with the formula Li[Cr x Li (1/ 3. x/ 3 ) Mn ( 2/3.2x/3)]0 2 where 0.1<X<0.5. 

According to the present invention, the structure of a-LiFeC>2 lithium-chromium- 
manganese oxide is different from that of layered LiMn0 2 or spinel LiMn 2 0 4 . In 
addition, the preparation process is simple and cheaper than that of the previously 

10 reported method that requires tedious pH adjustment, overnight precipitation drying, 
and heat treatment under expensive argon (Ar) gas. Indeed, in this invention, the 
precipitation is obtained by adding stoichiometric amount of lithium hydroxidesolution 
to the mixed solution of manganese and chromium acetate with stirring simply, while 
the porous precursor powders are prepared by firing the viscous precipitations 

15 embodying acetate group (-COOH) on titanium foil directly. Specially, the porous 
powders are annealed at 900°C for more than 12 hours in air and then quenched to 
room temperature instead of annealing under inert gas. Consequently, layered 
lithium-chromium-manganese oxides having excellent discharge capacity and cycling 
retention could be mass-produced at low cost. 

20 This invention has been described with reference to a preferred embodiment, 

however, it will be understood that additional modifications and applications may be 
made within the scope thereof by those skilled in the art. 
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